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. ABSTRACT : : ’ ) \ o
. Designed é& meet the job-reldted metric\meas remgpt .
needs of students interested in wastewater technology, this

instructional package 'is part of a .set of -55 packages for metric ,
instruction in @ifferent cccupations. The .package is jntended for
students who alread¥‘know the occupational terminology, measurement
.terms, and tccls currently in .use. Each of the five units-in this-
instructional fpackage contains.performance objectives, learning
activities, and supporting informatioy in the form of text,

. exercises, and tables. In addition, sugdested teaching- tecBniques are-

.o included. At the back of the Qackage are objective-based evaluation
items, a—page of answers to thé exercises and tests; a list of metric .’
materials needed for the activities,wréferehqes, and a list of
suppliers. the material is- designed to accommodate aivariety of’
individual teaching and learnimg styles, e.g., independent study, C
spall dgroup, cr whole-class-activity. Exercises are intended to ! g

- fa€ilitate experiences with measurement instruments, tools, and )

e devices used in this cccupation and job-related tasks of estimating

and measuring. Unit I, a general introduction to the net®ic system of
. " measurement, provides informal, hands-on experiences for the
students. This unit .enables students to becone familiar with the

‘basic metric units, their symbols, and measurement instruments; and

- to develop a set of mental reggrences for metric values. The metric

. system of notation also is ex lained. Unit 2 provides the metric
' terms which are used in this:- qccupation and dives experience with .

occupational reasurement tasks. Unit 3 focuses on jod-related metric

equivalents and their relationships. Unit 4 provides experience with .

recognizing and using metric instrumentsfand tools in occupational

measurement tasks. It also provides experience in comparing metric = ‘-
and customary measurement instruments. Unit 5 is .designed to give
stu’~nts practice in convertimg customary and metric measurements, a A
"8k . consideged usg£ﬁ1 during the transition to mefric im_each
-~ oc ~ tionmn. (%5) . : ' » ‘ .
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. THEMETRICSYSTEM

\

- - Fach of the five units of instruction contains petformance objec-
tives, learning activities, and ‘supporting.information in the farm. of

TEACHING AND LEARNING

A3
L3

" This metric instructional package was designed to meet job-related
mgiric, méasurement needs of students. To use this package students
should " already know the occupational terminology, measurement
terms, and tools currently in use. These materials were prepared with
the help of experienced-vocational teachers, reviewed by experts, tested

distribution.

How

text, exercises, and tables. - In addition, suggested téaching techniques

are included. At the back of this package are objeetive-based evaluation.

-items,'a page of answers to the exercises and tests, a'list of metric

. materials needed for the activities, references, and a list of suppliets.

%

7
L]

-

Classroom experiences with this instructional package suggest the

following teaching-learning strategies:

1. Let the first éxperiences be informal to make léarning the metric
© system fun, ‘ . :

9, Students learn better when metric units are compated tb familiar

o

" objects. .Evéryone .should learn to “think metric.” Comparing
metrit units to customary units can be confusing.

) °Students will lean quickly to estimate and measure in metric ﬁnits |

by toing.”

i Students should havé'experience‘with measuting activities before .

3

. getting too much infofmation.

5. Move "through the units'in an. order which emphas‘izes the s@n ‘

' Jﬁlicity of the metric system (e.g, length to area to volume)

. | B . :
6. Teach one concept at a time to avoid overwhelming sgudents with -

" too fhuch matetial.

v ment which provides informal, hands-oq experjences for the students.

This wnit enables students to become familiar-with the basic metric
uflits, their symbols, and measurement instruments; and to develop a

set of mental references for metric values. The metric system of nota:

Q" isexplained. N
IC ' \5 i ot /

" ships.
in classrooms in different parts'ofithe United States, and revised befofe

~ instfuments and tools in dccupational measurement
~ vides experience in comparing metric and customary measurement in-

N g ' )
. b '

Unit I is a general introduction to the metric system of measute-

Unit 2 provides the metric terms which'are used in this occupation ,

v .
and gives experience with occha{JQnal measurement tasks.
1 o Al ‘L

Unit 3 focuses on job-rlated metric equivalents and theit elation-

- Unit 4 provides experience with recognizing and using ”}ﬁet_ricf
u&s. [t also pro-

struments.. . . . Co

Unit § gi\}es“étudents experienée with _usin;{the compound metric

. units particular to this occupation, .

Unit 6 i desigh)ed to give stu%jractice in converting Custom-
ary and metric measurements. Skillwith conversion tables will be
useful during the transition to metric in each’ occupation.

Using These Instructional Materials

This package was designed to help _stu_derits Jearn 2 core of knowl-

" edge about the metric system which they will use on'the job. The

exercidts facilitate experiences with measurement instruments, tools

. and devices used in this oc'cu;}ation' and job-related tasks of/esnjmating

This instructionz sackage also, was designed fo accommodate a.

* variety of individual teacking and learning styles. Teachers are encour-

aged to adapt these malericls to their own classes. For example, 'the
information sheets may be gven to students for self-study. References
may be-used as supplemental resources. Exercises may be used in inde-
pendent study, small groups, or whole«lass activities All of the
materials. can be expanded by the teacher.

gy Gloria §  Cooper
. doel H. ﬁ{agisos
Editors

Jms pubhcah-on was developed purspant to"cdmract,ANo OEC~O~74-9335 wihthe
Burbau of Cccupational and Adult Education, U'S. Depariment of Heahth, Educa’
rion and Welfare. Howevér, the opinions ¢xpressed herein do nt necessarily
reflect the posion or policy of the US. Office of Education and'no offcial
endorsement by the U S Office of Education should be inferred, .

f
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UNIT' 4 .| OBJECTIVES® [

N \ | The student will demonstrate these skills for the Lmear ‘Area, Volume or Cppacmy Mass, and |
Temperature Exermses using the metric terms and measurement devices lsted here. %
v l '
SUGGESTED TEACHING SEQL*ENCE 3 ] EXBRAISES
I HILLS . Linew (W B ity M l Temperat
. . ‘ ‘ ume or Capaci 14 : emperature
* These introductory exercises may Tequire . . e'xoi p'm
3 5 148 . ‘
| ,two or three teaching periods for all five peda  bn 86 T8 e L
g areas of measurement, , - - o
: ’ |1 Recognize and use the millimetre - (mm) | square | cubic centic ‘ gram (g) degree Celsius
9. Exercises should be followed in the order unit and it symbo for ' | cntinewe | mee ) W0
| ‘ cenlimetre (em) wmy | kilogram  (kg)
i gwen to bQSt show the relatlonshlp i 2 Select, use, and read the | cubicmetre 4 ‘
between length area and volume, . Apprppriate measuring melre  (m) square m’)
. indtruments for: © p melre ‘
3. Assemble the metrlc measuring devwes . ~ A wh o fowe g , \
(rules, tapes, scales, thermometers, and 3 Stateorshows A . - J
. physical reference for: millilitee {ml) ) /
measuring contamers) and ObJGCtS to be ‘ , , o n
measured.* ‘ N ‘
T 1 Estimate within 2% height. width, or theareaof | capacityof the mass of objects .lhelem&ntureof
o Set up the equipment at work stations of the actus) Mgsyre length of abjects agivensurface] conlainers ingrams and kilo- | the air or a liquid”
+ " for use by the whole class or as individu- il | | A s -
b alized-resource activitiese 5. | Read correctly melre stick, metrig ‘ measurements akilogram"sclle "1 A Celsius thermometer
K - s tape measure, and un graduated and 1 gramscale
5. Have the students estimate, measure, and | metrienlens | volume feasur '
“record using Exercises 1 through 5. . ; g | g |
., Copl . \ . l - l f)
6. Present information on notationand | I
make Table 1 available. . |
' - - . o
7. Follow up with group discussion of , RULES OF NOTATION o o ‘
© activities. : v
- \ C - 1. Symbols are not capitalized unless the unit | Is 2 proper name(mm not MM)
. . 2. " Symbolsare not followed by periods (m not m.). ,
. | .
iR | * 3. Symbols re not followed by an s for plurals (25 g not 25 gs). o !
| LA space separat /the numerals from the unit symbols (4 1 not 4l). .
*Other sciool depdrtments may have devices which 5. Spaces, not commas, are used to separate large numbers 1ntg groups of three
can be used. Metric sisppliers are listed in the reference 1, , digits (45 271 kmnot 45,271 km). ) "
SGCIIOI‘I :
) K 6\/A/ero precedes the decimal point if the number is Iess than one (0.52 g not 52 g).
Ty : 7, Litreand metvre;can be spelled either with an e or -er ending.
THE CENTER FOR VOCATIONAL EDUCADION \ R , * .

Information Sheet 1

v . ' '
A
, . Lo 7
' N | . .
. .




“METRIC UNITS, STMBOLS, AND REFERENTS

."l
o "\: «}
METRIC PREFD(ES
- U e
= T
"1000000 = 10" | mega (meg d) \M/
Lo tio' [ kio(iE L | - ‘-
100 = 10° heé}o(Phsk’t‘S) O
10= 10‘I deka (dékeat da |
BaseUnit1=10" | JJ |
015107 | deci (def7) d
0.01 =107 | centi skl ¢
o‘.om?lo'-‘ mill (n:?i m
d.uoo‘om:m"’ :'microlm-i'kr-o) u

il ’ \
Quahtity ‘ Metric Unit Symhol | Useful Referents v
Length millimetre mm Tﬁiﬁ;{w of dime or paper
BT I ‘ iy chip wire
, centimetre | em Width of paper clip
, metre m | Height of door about 2 m
, kilometre km 12-minute walking distance
Areas. square .| Area of this space :
centimetre op
: ’ . 2
,{' L
B 2 square metre m’ Area of card table top |
/-*/ hectare ‘. ha '  Football field including sodellnes
1 and end zones
. . v
'\ Volume and millilitre ml ' TéaspoonisSml
Capagity , . .
apacty, litee I Alittle more than 1 quart -
' ! cubic‘ ; | :
centimetre cm“ Volume of this ¢ étainer ’
i : -
d '
& :
, cubic metre m' Alit)kémo’réthanacubicyard ‘
1
* | Mass } mijlligrar mg Aﬁplosood about 10 mg, grain of
| 0 |l Img
T Jgam ™Y g B \M_\keljbouﬁg
/ Kilogram kg ( K“Ehm;}f olleglato chtlonar)
, metric ton : ‘ o
, | 11,000 kilogamg) |t g \ V\q{kswagen Beetle *
a |/

OC,\\JIONAL €

‘{ mscsmnronv
' u

9 |

’\r v

J

. . ( . . .
DUCATI():! . Tﬂb'B 1-a

i

&

Table 1-b.
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LlNhAR MEA%UREMENT ACFIVI TIE S
. * Metre, Cenf/ Imet Te, Mllhmetre

]

[N

1 THI METRE (m )

1. Piek up ong of the metre
sticks and stand it up on the
Moor. Hold it in place with
one hand, Watk amund{]v
stick. Notv stand next to
the stick. With your other
S hand, touch yourself where
the top of the metre stick
COMEs 0N YO, .

N

THAT IS THOW HIGH A METRE 18!

'hv\ \ [ ¥

2 Hold one arm out straight
. abshoulder heighy, Put
the metre stick along this

/ Sarmuntil the end-hits the,
n end of L your fingors, Where
is Lhe otkyr th ofthe =
mefre stick” ouch vour-
self at that end.

/IIHI ISTHON l()\(: AMETRE IS'

j_‘

Vi ."i \'.

A, DEVELOP A FEELING FO { THESIZE OF A METRE

B.

THAT IS*I'IE Wllli'l‘H OF A METRE! )

For each of the following items:

» Length of table. |
. Widt h of tahlex

24 L . | \
i L N
3. Choose a partner to stand
at your side. Move apart
s that you can put one ,
end of a medre stick on *
your partner's shoulder *
and the other end on
youz shoulder, Look at

the space hetween you,

l)l~:\’ ELOP YOUR ABILITY TO l~]STINI.~\’I‘Ii [N METRES
Now )ou will 1mprove your ablllt) to estimate In metres.

Remember where the length and height of a'metre was on your
hody : ;

o

Estimate the size of the items and write your estimate InNg¢ . .

ESTIMATE column, Measure the size with your metre stick
and write the answer in the MEASUREAENT column,

Decide how close- your estimate was to the actual measure. [fy
your estimate was within 25% of the actual mensure you are a
“Metrie Marvel ™ -

¢

g
How Close
‘ Pﬂtmmte \lﬂsurement Were You?
| o m o (m)

.. Height of door knob

from floor. ~ o "2 -

Hes ltOde'OF. "' L

[engiho mllo o "
thisroom.

Distance from
you to wall.

o " Exercise 1

\ ' ", t N

4

(continued on next page) 11
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P fTherv 1r£»]00wq.(1m plres m one metre, lf!\hnrp are - lmproc ﬂnd :
.4 Jcentimetres, ﬁon‘\’ntv H) (m[(ﬁ\ 100em) 43 s IOO(m '-

L#'s;‘,sf“, .mb} : R R S

oA DE\FLOP\H % omms i 0F \‘(\H\mm .

",

4 \ '

' ; o 1‘7& R |
R 1, Hold thenfut? uler;@unxt the mdthof)oux thumlnall
( S {ow mde,jf | LR o
N .. o d

| 3K

. l" I/: 1 ’ — 4 ' T‘ '
"'\ ¥, Use tfw wmr rul rtofmd e width of\our palm i
e m 7 C

1
P
fl

1m .

l\ ’? :
‘J \bas%{v yolrhuh from ff}rst JanLto 1,“‘ ond ‘oo

. Al

s et .
V. ~ S— e N . ' , "h ]
v . \

, THF\HLLIMEI‘HE(mm i.i(" !5 L
. PR | 7~
Therp are 10.millimetres in onk cent Trnogp \\'henameaqmoment o o
"cen imetres and, 5 millimetres, VOl write 25 mm[(‘) X 0mm1
#5mm =2 mmMmm] lhmmrelOOO mm ml
{ W

" f y DF\FIOP \HP[I\GHR‘IHP SI/FOF \\HLH\IEFRE

Usmga'rulermarked in ﬁulhmetres measure; -,
Bl Thukne%sofapa /qnhpmre ‘ mm
SRR
i, Thlcknessof 3our fingernail. —_mm

v

IR \hdth of yourfmgernall.’

al mm

4. Diameter (withjof a coin. . o

, . . PR P Vo ' o
.M #Mpsiare your index or pointing fmgvr.llow ongisitt - « 3. -Diameter (thickness of your pen: _____ mm N
‘ ' B Y . . , f v o w’ N .
; g vy , ! 6 W dth ofapostage stamp. mm .
:_ b \1eaaur9 your unstmthatape measure. WWhat 1s the distance
t @roun‘d it? m. .
) l’setl\p ap" measuréeto find your wast size. ‘

B, DEVELOP YOU R\BILIJ\ 0 ESTIMATE ¥ CENTIVETRES

, \ou 4% now road} to estindate in cennmetres For each of the
+ dollowing items, follow the prowcfutm used for estimating m

metres y , ; '
. : ‘ How Close
a . Estimate Measurement  Were You?
s
, ~lem) o (op)
1. .fngthof papey
clip. ul -
3. Diameter {width) ey
~ ofacoin.
.3 idth ol ¥
postage stamp. ' —
1. Lengthofa %J
pencil. \ A
) 5. Widthof a sheet | o
. of paper, . { -

‘ y THE CENTER FOR VOCATIONAL EDUCAT!Q&

~M + B, DEVELOP YOUR ABILITY T0 ES’FI.\L\TE\\‘.\HLLIMETRES

You are now ready to estimate in millimetres. For each of the
following.items, follow the procedures Used for estimating in

metres _
IR A [low Close
( Estimate Measurenent Were You?
‘ . (mm) (mm) v
1. Thickness of a
nic}tel.{ | N i
.. Diameter (t"hi('kneiss)
ofabolt. ™
3. Length of a bolt.
i, Wit ofaghe ‘
~of pape. 4 :

) Thuknessohboard i ¢ . .
oo ordesk top. - ¢ / ‘
6. Thicknessofa { ;

button. -
. ¢ .
1] ,. | ’ ? ."
‘ A §xerclse1

Rt
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- AREA MEASUREMENT ACTIVITIES

Square Centimetre, Square Metie . 4

'
v s
{

v
* 0 '
rL e ' '
] ﬁ

LY

WHEN \OL\DLS(RIBHI E \RP’(O} SOME FHL’\G YOU ARE

S\NI\(;HO\\IA\ibQ{ \IHSOH I\L\SI@IH\MSFO o

‘(O\LRTHLSURMLI;‘; "
o
1 THESQU‘ARE CENTMBTRE (en') e

' ) Y-

\ \ DE\ hLOP A FHLLI\(; FOR A SQU: \RLCL/FI\ILTRE .
s "

"1 Takeaclear pla:tlt grid, or use,th@grid on page 6.

Measure the length and width of one of these amallL

squaresmthaten timetre rulé. —

v THAT IS ON',E SQUARE CENTIMETRE! |

3. ‘Place your fingernail over the grid, About how many -

' p . . ,
squares does take to cover your fingernail?
cm

4. Place acoin overthegnl! About howmanysquares
does it take to cover the coin? —__em?

i

K

) " 5. Place a postage stamp over the grid. About hfo‘tv many.

squares does it take to’cov'er’ gte postage stamp?
2 '
om

oo
,6.  Place an envelope over the grid. Abouthow many
sqpares does it take to cover the eﬁvelqpe’

J

7. Measure the length and width of th‘e‘envelope in centi-
Aetres. Length _om;width __ »om.
Multiply to find the area in square cen 1metres

oy
cm X = em*. How

close are the answers you haven\ti and in 7.7

.

’

i
;o

e

B DEVELO: YdUR éBILI [ Y TO ESTIMATE IN SQUARE

" CENTI"TRES
. )v ’ "',:
S
R You are nou read) to de\elop }our%blh yto estlmate
. in square centtmetres \
| s Remember the size of athIarP(t‘ntl%P tre. Foreathof the
{ following items, follow the procedures used for estimatingin
» metref : _ <
A o B BowCoge
J . Esfimate Measurement _Jere You?
: ' ' v 2 ‘
7% o (eme) (m,]‘f')\
4////. % ! )
;’/»’» L Indexeard, e I e il N
"t 9. Book cover, ! :
‘ . 1 \ » ‘\, ’
3. Photograph. - RN
4. Window panexr ‘ ' iV

desk top—-  + .' '
S i '
N

[} . '

Il THE SQUAR%TRE (') , ,
A DEVhLOP AEHELING FOR XGQUARE METRE

‘r
/ 1, Tape four metre sticks together to make a square whichr -
| " is one metre long and one metre wide.

Hold the square up with one side on the floor to see how
! big it is. |

3. Place the squaré on the floorina comer. Step back and
" look. See how much floor space it covers. “

4. Placet the square over a}te‘tt)le top or desk to see how
much space it covers. -

5. Place the squarhgainst thebottomof adoor. See how
much of the door it covers. How many squares would it

take to covet thedoor? !

THIS IS HQHBIG A SQUAREMETREIS!
. j\ \ :
Exercise 2
(continued on next page)

N
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%&ELOP YOUR ABILITY 0 BSTIVATE N SQUARE L

\

You are now ready oestlmate in square metres Follow ﬁhe

@

CENTBMETREGRID  «

\ { procedures Ubtd for equmatmg in metre! : ‘
. N . CL HowClqg" 3 ¢ i
‘ Estimate Measurement Were You? ' ‘ .‘
. . (m~) (m-) ‘ . ‘J
'1A~D00,r : ' 7 - R
\" ! ‘ " ! \ 4
neWspaper. L
. ' ' CT [ 5
] f , , i
. 3. Chalkboardor & ° | : 3 , ~ 7 ‘
. A [ ﬂ ! I’
© tuletinboad. . : ¥ : .
1, ,Floorl | — —r . ; O ' A
5wl - e £, . GFET
d ' 1 . ’ e L . ' 1 . DS . v
‘.6' Wall chart or poster. gz / — o v 4 /
J . I . L v
7., Side'of file cabinet. / L : ) z\; f ,‘
' vy 2 Te || o
\% , ) | h v, " b
) ) ‘ A 4
!
. v _. N P
‘ !
z P
I/ o l.
4 o J
Vo .
Q ‘ ‘p
~ b
L
» \q‘ ‘ < !
| ‘.,“
1Y L r I
: *
-‘\ \.Vk’.

Exércise 2

{7



YOLUME MEASUREMENT ACTIVITIE s~ - - ‘; Y

Cubc Centlmetre thre, Mllhhtre Cubic Metre “_\ o A o
; v ’

] * | | | . . b \
' R N ' : .
' ’l s , i " . . . y y

. THECUBIC CENTIMETRE (em') : oL ‘ .

4

: ' - B. DE\’EIOP \Ol R \BILI]\ T0 ES?I\IATE [N CUBIC, &

A \DE\’ELOPA FEELING FOR'[‘l'lEC,UBIﬁ‘(‘ENTIMETRE Coe O ’II'\IElRES

o fe now ready to develop your ability to'estimgte

In cubie ‘centlmetres. o

¢ 4§ height ahd width in centimetres. N
| '

“. THATIS ONE QUBIC CENTL FRE' , ‘
o ember the Size of a cubic centimetre. For each of

9 Find the volite ofalulasthlltrebox. te ? A the follgwing iterns, usetjwprocedures forgsh,matmgm

S 1. ﬂPlckaolored plastluube Measureltslength

# o | .o \ . " metres. . . . ‘
. a. Place a ROW of cubes against the bottom of one Ly ‘ k How Close °
of the box. How-many cubes {it in Lherow" '\' 'Estimsate Measurement Were You?, ;
) T ' . i
: b. Place another ROWof cubes against an adjoining side oy (em ).., (Fm ) .
of the box. How many rows f1t 1n91de Jhe box . \d“\ ardfile ~ {[) R D,
to make one layer of cubes? " L | box, =<+ - \L' . -
- How many(ube% in ea(hr0w° : N Freezeycontainer. o : /
. o \P o S § SRS
~ How manvcubes in the layerm he bot tom of the & | ..3. - Paper clipbox. N — L
‘ bot! L % o4 Bovolstaples RN e .
G StandaﬂOWof cu‘gesupa nstiheSldéo f the box.” Cd oo
[ HDW many L’XYERS WOUld m the bOk‘) — \‘ H. THE L[TRE(u \
" How many cubes in each layer?, . .7 '
How many cubes fit in the oy altoget thet? __ ’ A DEVELOP“FELH\G FOR A LITRE g
*j‘& THE\OLU\&OFTHE BOXIS____ CUBIC: - S 1. Takeaonelltrebeal\erand fl“ 1lw1thwater
pi \ . . :
) g ; CH\'TIMETR L 2 Pour the water into paper cups. fllhngeachas fullasyou
©d \Ieasure'tholength width, and height of thebosin "+ " | Wall}, do. How many cups do you fill? '
centimetres. Length ____omi width ____tm; -, *  THATISHOWMUCH IS INO\ELITRE'
_ height _____em. Multiply these numbers to { md o :
“the volume in cubic centimetres, . : 3. Elll the litre cémamer with rice. ¢
| my ems . s -‘C-‘ms, [ THATIS HOWMUCH IT’F\KHTOHLLAO\JE
Aretheanmer\ theeamemng dd? | \ LITRE CONTAINER: a
. ’ " ‘\’ : .
THE CENTER FOR VOCAT AL EDUCATION - T Exercise 3
- : v (continued on next page)
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v , P ' . .
y ) ;‘ ‘ : T | a ]

( ‘ B‘f DEVFLOP YOUR ABILITY TO ESTNATE IN LITRF o B. DEVELOP YOUR A%LYTY T0 ESTJMA’I:E IN MILLILITRES
‘Yk/ar] now ready to develop § yolr abnhyto estimate’in - " You are now ready to estimate in milliifres, Follow the
htres To write two gnd dne-half litres, you write 2.5, or ,A B ' procegiures-ﬁsed for estimating metres.

B ‘75lltres To write nehalflltre you write f31,0r 0.5 - J o ( llowCloge

| litre. To wite two an threﬁourtm litres, you write ! . Iiate Measurement Mere You?

| 3 ‘275| or 2.73 litres. _ . o), ), :
Ror each of the following items, use the procedures for K 1.~ Small juice can. ] | . ‘
estq&tmg in metres. How Close 2. Papercuportea . , : -

l ¢ stima'te Megsurement  Were YO L _— | '
| m - ’( » 3 Soft drink can. -
sl Mediumsize o - f 3 lr o - . a
L %r container, " -' - Boltle. / .
2. Lavgefreezer . L o
~ container. ¢ - IV. THE CUBIC METRE (m’) '
© 3. Small freezer - A \ I F)( A J
container. - | . o/ A D FLOP A FEEEING FOR A CUBIC METRE.
g L ‘ RN . ' / S
r Bottle rjug oS T g Place a one metresquareon the floor nexttathfe wall
Hl THF MILL[LITRF (mll ‘ ' ot o .2. '\1easure#ametre UPthawall. . . “
. ;o .
' e L 3 Picturea box that wmzl fit infw that space. .
alitre 45 500 milliitres, orOSlltre 000 ml ' |
o '
L A DF\ LLOP \H,FLI\(, FOR A.\HL] lLITRF - /(‘[’ B DEVELOP YOUR ABILITY TG ESTIMAFE IN CUBIC \IEFRFS
. ‘L: N . ) . ) ‘,
L. Fkammoawntlmetre(uhe ‘\nythlng\\hlch holds g’ “For each of the following items, follow the estlmatmgproced
' -l(m holds 1 ml, - ' ' \ures used before.,
L, Clos
/ ». 2. Flllalmlllllltremeaaurmgspoon with rice. Empythe . , = Estimate Measurement gg;:\(?;s
.. Spoon into your hand. Carefully hour the rice into a —— m) - () .
| \ small pileonasheetof faper. ;! b ¢ oo
<\f | FII\TIS@IOV\IULH ‘\IE\HLLILITRh IS'/ ’ - 1. 'Office desk:
' O Fillthe 5l spoonmt ce. Pour the n’mtoanothnr 2. File cahinet. o
pileon the tleet of pafler. ) . 13 Small room. C
" THAT l;g/ﬂmmms oaow TEASPOON! ' S
Il the To.ml spoon with rige. | Pourthléruemtoathard '
lepin‘the paper. SR ' ¢ ,

S

THAT ISiMlLLlLlTRFQ OR ONF T\BLESPOON' .

l THE CENTER FOR VDCATIONAL EDUCATION : 4 . P Exercise 3
B . . \ . ' o , \ , . . .. q 21 X




" MASS (WEfGHT) MEASUREMENT ACTI\Q\S ' ( I

Kllogram Gram - S A ) o |
1) ' ' . P ‘ ' B . »
. . ’ ‘ % ' . \// il E
The mass of an 'object is a measure of the amount of matter in the ‘ . oM
" object, This amount is always the same unlgss you add or subtract some: LI «\/\ (kg) ! j
mattet from tge object. Weight is the ermhi\at most people use iwhen /. o A
they megy mas The weight of an chject is affected by gravity; the I‘ 1k”09?amb0-“g' R
mass of an object is not. For example, the weight of person on ealth 9 Tﬁ‘!\'tb‘a?\?fﬁ\" ‘ o
l]llghl be 120 pounds: that same person's weight on the moon would be € N \ o 4
~ 20 pounds, I“hlsdlffmenw is because the pyllof gravity on the moon 3. Bag ofsugar., a— ' '.
* s less than tht»pull of gravity on earth, A person's4mass on the eth 4. * Package of paper.

and on the moon would be the same, The metric svs }em doés not

o AR T ) 5, 'YWn 8. 1 | :
measure weight--it measures mass, We will use the term jnass here. . e T '

The symbol for gram is . . . f

[S2

The S\kﬂgbd for Kilogram is kg

¥ There are 1000 grams in onekllogram orlOOOg 1kg. For the followmgltemsES : Ethemass he obectm‘

5 kilograms. then use thespfle or balance to find Whe exact s
| Tyl kilogram can be wrt te a5 500 gor 0.3 £ Co TN of the object. Write the bxatt mass in theVIEASURL\IENT
A quarter of akﬂogram(an he wri ten as 25(0:g,0t 0.25 kg. - Y column, Determme how ¢
C)
Two and three-fourths kl]ogram; s written a% 2 10 l\g 0 ) . ow Close
\ : C Estimate Measurement™ ere You?
. | | L v by (g
I, THE KILOGRAM (kg) ' ' : o '
v L . N Bagofrice. :
. L ‘ / B
DEVELOP A FEELING FOR THE MASS O A KILOGRAM -9 Bdgof nails. o /
Using a balance o scae, find the mass of the items on the table. 3 It;grgfe puse o
- Before you find the mass, notice flow heavy the object “feels” - '~ | [.IE Case.
and compare it tg the reading on the scale or balance. 4. " Another person. '
' | v 5. A few books; -
' g . v | |
e ' .
™.
THE CENTER FOR vocgnomrsoucnntm J A R v Exerci5é4
o .. ; ,, | R ‘ (continued on next page)
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!I ’ , "
10 L
1‘( @ ' v‘ ! 4
v | - {
. . ( v
1L THEGRAM (g 1\; N .

" Yoo ' :

A DEVELOP A FEELING FOR A GRAM y B!
' - d W,
¢ v 1 Takeacolored plastic cube. [lold it in your hand,

YT Shake the cube in your palm 25 {1 shaking dice. Feelthe o+ .
pressure on your hand when'the cuhe is in thlion, thn . -
when 1t is pot in motion, Y ‘

{ a \}m “u &
f THAT [S[HO&\'HEAVY AGRAVIS! o S
\ Py .o
: 2. Take'a second cube and attach it to the first. Shake the

g beh-firstione hand and then the gther hand rést

he cubes near the tips of your fingers, moving your ¢
hand up and down. " 9
- THAT IS THE MASS OF TWO GRAMS! 3
"3, Take five cubes in one hand and shake them around. | L
¥ omrs TfEMASSOF FIVEGRAMS! .~ ' 5,
. | . 6.
1 j\ . . “ . rot . o
A '
f“ 4 ‘l
‘ ’
!/ ‘
/ P ,‘\-/
| ‘ ) !
. e
s R
' THE CENTER FOR VOCATIONAL EDUCATION + *
’" . Y '

“DEVELOP YOUR ABILITY TO ESTIVATE IN GRAYS -

¥

I'l. ,.ﬂ'

o

N wo-page letter

. o
. ¥
.
4
o
I
I L] {
oy co )
e |
L W
o b TREG e -
R *
BN .
) K
‘ =

L 5

Yau dre now ready to improve your ability to estimate fn‘ .
grams. Remember how heavy the 1 gram cube s, how havy
the two gram cubes are, and how héavy the fivegram vubes . )

Me. For each of the foll ing items, follow theghrocedures — »

usedI'for'estimat,ing‘in kilograms, '_“lv‘ ' BENYY
‘- ; " How Close

Estimate Measurement Were You?

® e n

. o Cour .,_l/ Il‘ - []

v

.
A}

Two thumbtacks.

Pgncil‘.

and envelope, : -
h\ickel.' o PR :
Apple. L . o
Package of S : o
margarine. o N

" R R g — =

e ——
"



TEMPERATURE MEASUREMENT ACTIVITIES

Degree Celsius

I . DEGREE CELSIUS(C) =

. Degree Celsius (°C) i the metru measure Ior temperature

o

A, DEVELOP A FFELI\G FOR EEGREE CELSIUS

Take a Celsius thermometer. ‘I,oo'k at the marks onit.

L.

2

rl (
3.

4,

.

F.irrd 0 degrees.

WATER FREEZES AT ZERO DEGREES CELSIUS (0°C)

WATER BOILS AT 100-DEGRE

Find the temperature of the room.

room cool, warm, or about right?

9

ES CELSIUS (100°C)

Pt some hot water from the faucet int tontzEﬁr‘
“Find the temperature ' our fing

' quicklyin and out of the water.

hot, or jost warm?

Is the ater very hot,

Put some cold water in a container with a thermometer

Find the temperature.

°C. Dip your finger int

the water. [sit cool, cold, or very cold? .

)

°C. Isthe .

I

Bend your arm with the inside of your elbow around the
bottom of the thermometer. After about three minutes

find the temperature.

°C. Your skin tempera

. ture is not as high as your body temperature. ,
\IORMAL BODY TENPERATURE 1537 DEGREES

CELSIUS (37°C).-
A FEVER 18 39° ,C.

AVERY HIGH FEVER IS 40°C.

S

mmecmm FOR VOCATIONAL EDUCATION

”

B.  DEVELOP YOUR ABILITY TO ESTIMATE 1N DEGREES

4
1.

~ cold waterina

>

‘water,

‘ij of ice and water,

CELSIUS
For each item, ESTIMATE and write down how many degrees

11

Celsius you think it is. Then measure and write the MEASURE-

MENT. See how elose your estimates and actual measure-
ments are,

o

Estimate Measurement Were You?
(o (0

!

¢

Mix some hot and

container, Dip your
finger into the

, *'Pour out some of

the water. Add some
hot water. Dip your
, finger quiekly into
thewater

Outdoor tempera
ture, -

Sunny window sill.

Temperature at
floor,

~

Temperature at
ceiling. .' .

Exercise ]

How Close |

27



1 .

UNIT

. OBJECTIVES

The student will recognize and use the metric

terms, Units, and symbols used in this occupa-
tion. :

o Given a metrfc unit, state its use in this
occupation.

¢ Givena measurement.‘ﬂk’ask in this occupa;

tion, select the appropnate metric unit
and measurement tool.

SUGGESTED TEACIiI%NG.SEQUENCE :

-
i

1. Assemble metric measurement tools (rules,

tapes, scales, thermometers, etc.) and
objects related to this occupation.

9. Discuss with students how to read the
tools. #

"3, Present and have students discuss
Information Sheet 2'and Table 2.

4, Have students learn occupationally-
related metric measurements by complet-
ing Exercises 6 and 7.

*Test f)erformanee by using Section A of

“Testing Matric Abilities.” -

1 ;

H
i}

¢

* METRICSIN THIS OCCUPATION &

* These terms are replacing the measurement units used currently. What kinds of job-

" now make and use Tabje 2 to discuss the metric terms which replace them. See if you

o hangeover to the metric system is ufkler way. Large corporatnom are already using
metric measurement {o compete in the world market. The metric system [ been usedl in
various parts of industrial and sc1ent1flc‘tommunlt1es for years. Leglslatlon passed‘in
1975, authorizes an orderly transition to use of the metric system, As businesses and
industries make this metric changeover, employees will need to use metric measurement
in job-related tasks. "

o

Table 2 lists those metric terms which are most comﬁ\iﬁnly used in this occupation,
relbted tasks use measurement? Think of the many different kinds of measurements you ¢

can add to the list of uses beside each metric term.

Ny

/

Information Sheet 2



B

METRIC UNITS FOR WASTEWATER

Quantity Unit Symbol Use ‘ 1
. ' ! ’ . L4 0 -
' Linear dimensions - millimetre mm ‘ Manometer tube; U-tube.g
.centimetre , - om ; ‘Diameter of a pipe; tubing.
. mete . m b Length of a channel or sewer.
Area square centimette r o *em? Area of the nappe over weit, : .
squaremefte ‘ m Area of a clarifier; trucking filter. | |
hectare ‘ * ha Area of alagoon (100 m x 100 m).
square kilometre kn? Area of a collection system. ; j ,
A 7 ‘ .
Volume/Capacity - cubic gentimetre em3 Capacity of 4 cylinder, -
( cubi¢ metre m Capacity of an aeration tank. -
millite Iy nl Volume of thiosulfate for DO titration. "
- litre v | Alab sample{‘,
g 7
\ Mass gram NE '] - Mass of a dry reagent. t "
kilogram k{ < Sludge, - ~=+ -~
: mettic ton t Truck loads of sludge. .
Temperature degree Celsius °C Waiter temperature. '
Pressure kiloml kPa .
’ ‘ Pump pressure. -
Flow Rates cubic metres p:;L second m3/s Flow overa weir,
cubic metres per minute m3/min Row through a channel,
cubic metres per day m3/d Flow through a wastewater plant.
| libres per second Iis Flow through a pipe.
- . i
Application Rate * » grams per cubic metre g/m3 ~ Amount of chlorine used per m3 of water.
kilograms per day kg/d . Chlorinator setting. .
. cubic metres per
cubic megametre m3/Mm3 Grit removed per flow unit.
Power kilowatt W Electric motor.
: Watt W Rating of a motor.
Energy * Joule J \ . Energy required to pump water.
. . 1
THE CENTER ? VOCATIONAL EDUCATION ' Table 2 .
/ R *
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Y

To give youspractice with metric units, first estimate the measure- j Estimate Actual
. ments of the items helow. Write down your best guess next o the item, — —
" Then actually measure the item and write down your answers using the 16,/ Measuring cup (metric) -
correct metric symbols. The more you practice, the easier it will be.”
' ' 17/ Milk container
" Fstimate Actual '
. ' 18. Bucket
Length . "
© v Pamwidth 19. Small box
— -
' 9 Hand span C - 20, Tool box ;\r*)*
3. Ceiling height of this room- 21 Aeration tank
1. Width of paper clip r . 2. Cylinder
5. Thickness of nickel T '
. Mass ' .
6. Wit ob#s toom -+ 23. Texthook |
7. Diameter of U-tube 24, Nickel ,'
A
8. Length of a fish tank 25, Paperclip ¢
9. Diameter of a manometer tube ~ 26, Alitre of water(net)_. ’ \
Area‘ " 27. Roll of 50/50 solder ) \ "
10. Desk top N ' |
- 28. A quantity of dry reagent
1. Clagsrbom floor | "
19, Workbench Temperature
' 29.. Room temperature
13, Sheet of paper . |
. 30. Outside temper&ure “
11 Pipe cross section A - . . R
vt .,‘.‘ . \., | . .NB]_.,‘.Hot.t’ap..hwa‘te[‘«...c..,ﬁ.‘..M..'.. v n e e
Noldme/Capacity - o
15. Small bottle 52 Toe water

i

TRYING OUT:METRIC UNITS

:

g kExercise'G.

133

o :' THE CENTER FOR VOCATIONAL EDUCATION
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WASTEWATER METRICS | - |
ok i important‘t(ﬁﬁinw what mettic measurement Lo use. Show | |
‘ what measurement to use.in the following situations.

16, Vo]urﬂe of a clarifier

o 17, Massof a wheelbarrow
1, Volume of an aeratfon tank ‘

' i 18. Mass.of.a sef se
2. - Length of a chénnel ‘ ‘f/SUEW

19, Truck load of sludge
i

S8 Aeaol atriﬁkli;ug.fi‘lter

. e \ 20.‘ Temné\rature of a stream
A 4 Amount of sludge incifierated } \ , !

each day . ' .| 9L Areaofalagoon orpond

D
(R

’J} 5. Capacity ofamogor P : , 22 Volume ofagrzibfample-

i

6, Depth of sludgeplaced'ona [ 1 7 ‘ [
\ ‘% *drying bed per filling -

. ] - . ‘ . ‘ ‘ |
'} 7. Flow of Water through a pipe o : o o | R

‘”ﬂ 8. Size of waste treatment plant

‘ 9. Amount of water evaporated
"y dd each hour '

. 10, Depth of a channel

L

. | '
."%.llt,; A sedimentation tank: . ] il T—r
U
[T
—_—
B

a. length”

" "‘ 1; b, width - .
g 3 |
4 ]2 Diameter of a pigg; ‘ , ,

.\ 41? Area of a sldge bed

7TV ‘ —
) ¥ » 1 .
1 14, Cross sectional areaof agrit | , 1

3

. . .
i ' '
N . %‘
T
'

Exercise 7
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UNIT

&

OBJEGPIVE

- The student will recogmzé and use met-

nc equlvalents '

B el S BT e

¢ _ Given a metric unit, state an equivalent

in a larger or smaller metric unit,

SUGGESTED TEACHING SEQUENCE

Make available the Information Sheets .

(3- 8) and the associated Exermses

(8-14), one at a time, -
[ 4

. A5 500n as you have presented the

\.

Information, have the students complete

each Exercise.

Check helr answers on the page titled
ANSWERS TO E}\ERCISES AND
TEST. - it

&

.Test performance by using Section B of

. Testing Metric Abilities:"

o

'.
mcmsn FOR VOCATIONAL EDUCATION

‘

‘METRIC- METRIC EQUIVALENTS

Centlmetres and Mllhmetres

= .
r1 23456 | 12345356

Look at the picture of the nail next to the ruler. The nail is 57.mm long. Thisis 5 cm+ 7 mm.
There are 10 mmvin each cm, 5o 1 mm =01 cm (one-tenth f,acen/tlmefre] Thxsmeansthat |
Tmm=0.7 cm, so57mm = 5em+7mm 9\
=oem+07em L
= 5.7 cm. Therefore 57 mmis the same as57cm

/

Now measure the paper clip, It is 34 mm. This is the same asch + mm. Since each
millimetre is 0.1 cm (one-tenth of a centlmetre) 4 mm# em.. So, the paper clip is
dmm=Jem+4mm ‘ oy

= dem+ 04 cm

= 3.4 cm. This means that 34 thm is thesame 25 3 4cm,

‘,'Inforhation Sheet3

Now you try some.

a) %mm=____m' e) 13mm's ——__om-
WWme w0 0m o w Y
c) 94 mm = m g) 1400mm = em
d) 680 mm = m’ L h) 2Tmn s

| \ o o



v . /7 N
" Metres, Centimetres, and Mllllmetrey’)x

There are 100 centiimetres in one metre. Thus, | "L?

2m= 2x100em= 200 cm,
b Im= 3x100cm= 300 em,
, 8m= Bx100cm= 800cm,
J6m=36x {00cm = 3600 cm.

| | There are ] 000 millimetres in one metre, so

2m 2x1000mm = 2000 mm, !
dm= 3x1000mm= 3000 mm, /
bme 6x1000mm= 6000mm '
cﬂm = 24 x 1000 mm = 24 000 mm,

From your work with decimals you should know that

-l ane-fourth of a centimetre can be written 0.25 cm
(twe'nty-fiv’e hundredths of a-centimetre).

1

This means that if you want to change three-fourths of a metre to;
millimetres, you would multiply by 1 000, So
© 0%5m=075x1000mn
\7§ 0
ERTTR 1 #00 mm

. 1000
75x Yoy M

75% 10 mm

(Mlllllltres to thres e )

one-half of a metre can be written 0.5 m (five-tenths of a metre),

There are 1 000 millilitres in one lltl’e Thls means that

2000 milllitres 1 the same as htres. : J '
3000 m i the same s 3 tes,
4000 ml is the same as - litres,

+42000 mlis'the same as 12 litres, -

Since there are 1 000 milliitres in each ltre, one way to change mill
Iitres to litres is to divide by 1 000. For example,

1000 ) ‘ o
1000 ol = 7700 litre = 1 litre,
t
» 2000 ‘
‘2000 ml = TT00 litres = & h}\[es. !
iy ' N\

And,"as a final example' |

2800 '
8 000 ml = m‘htrvs 28'I|tres i

What 1f somethmg holds%OO ml? How many litres s this? Thls s v’
worked the' same Way. \ -

500 ml = lggghtre 0.5 Titre {five-tenths of a litre ), So 500ml

< is the same as one-half (0.5) of a Iltre
L

R Information Sheet 4
Fill in the following chart.

melre - | centimetre millimptre
om em mm
L 1oodh
2 200 0
3 , .
9 .
5000 s
| e “hil) ’
) y;
8. B 3 -
| “Exercise 9

ME CENTER FOR V?CATIDNALEDUCATION

+

L 730 mn, This means that 0,75 m = 750 mm. J

4
Change 57 milllitres t olitres |
5Tml= 103; htn1 DOS’IH(re(Mt\ svventhou»andthsofa
ltre), . !
, itre ;0‘4! y .
- RS J

Informatuon Sheet 5 -

- Now you try some. Complete the followmgchart

millilitres litres\ ,
(ml) (1) ‘ \
7000 3
5000 “
8 .l
TTon
‘ kg |
”0“”“‘ ey e ‘300 P 97.3.-‘,... P fte tawo o
RN A «
- A ) - .
T — 1 39
: ) 0T o
77 | : |
o L ‘ “Exercise 10
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- ¥ \

| thres to Mllhhtres

What do you dn il you need to change litrs to mxlhhtres’ Remember,
there are 1 000 milllftres in-one litge, or 1 litre < 1 000 i,

I_I
S0,
2o Mres=2 0 x1000ml =2
T litres= 1 1000 mE= 7000 m]
13 Dtres =10 x 1000 ml =13000 . 5
[ ‘).60 litre = 0.65 x 1000 ml =650 ml, .

“Information Sheet 6

Now you try some. Complote the following chart,
litres millilitres
| - ml
¢ 8 8000
16
32000
0.4
0.5
N | ' 180 \ Exercise 11
g oo A
Grams-to Kilografs |
There are 1 000 grams in one kilogram. This means that
2000 grams s the same'as 2 kilograms, |
-
5 000 g is the same:as 3 kg,
# C s K
700 ¢ is the same as 0.7 kg, und‘.s‘(\on.
To change from grams to kilograms, you use the same pocedure for
changing from milllitres o litres. \
N .
° _ Information Sheet 7
- Try the following ones. ‘ N
‘ grams kilograms %
4 kg '
1000 { !
’ 9000
23000
8
oo ) ,
5 Exercise 12

THE CENTER FOR VOCATIONAL EDUCATION

'('Killo'grams to Grams

-

- To change kilograms to grams, you multiply by 1000,
1okg= ;.\l')()g“ 1000,
2 kg=2 xL000g=23000¢,
075 kg= 0.7 % 1000 g =70 g,

Ty

, Information Sheet 8
Complete the following chart,

. kilograms grams
ke g
. ‘ 4

0 7000
11
- 25 000
0.4 -
0.63 .

175 Exercise 13

: 1l
Changing Units at Work |
Sonie of the things you use in this occupation may be 'measured in

different metric units. Practice.changing each of the following to
mietric equivalgnts by (omple ing these statements.

2) 340 ml of water s 1
b) 23 g of water is ‘ kg’
¢)2300gof soldsis ' _ ke
d) 3400 kg of sludge is b
‘; ; 120 mm pipe diameter is ' em
1300 ¢m of pipe is P - m

8 ) 29 litres of water is o Tl
h) 5 cmdiameter tubeis . mm
|} 250 ml of solution is - |

J ) 0.25 litre of liquidis. ... -~ . - SRS ) R
k) 950 mr ¢ 1ameterp1pe s _ m

1) 0.7 ke of dry reagentis g \

m) 94t ol sludgeis L kg
") 40 litre tank is - m

\ O
) 41

> | - - Exercise 14

J



oNIT A '. A
SELECTING AND USING . o
| METRIC INSTRUMENTS,, TOOLS AND DEVICES

Selecting an improper tool or misteading a scale can result in improper dosages,
damaged materials, or injury towself or fellow workers. For example, putting 25 pounds
per day of chlorine into a treated flow requiring 25 kilegrams will not sterilize the out-
flow. Here are some suggestions: ‘

 OBJECTIVE-

~ The student will recognize and use
instruments, tools, and devices for mea-
surement tasks in this occupation.

. Find out in advance whther C ustomary o metric units, tools, mstrumvnls or pro-

o Given metric and Customary tools,
ducts are needed fur 3 glven task. -

instruments, or devices, differentiate
between metric and Customary.

2. Examine the tool or instrument before usin} i,
¢ Given a measurement task, select : | ;
and use an appropriate tool, in- ~ 3. - The metric system is a decimal system. Look forunits marked off in whole numbers,
strument or device. | (ens or tenths, hundreds or hundredths.
' ' + 4, Look for metric symbols on the tools or gages such'as m, m‘m, kg, g, kPa.

¥

. _ 5. Look for decimal fractiors (0.25) or decimal mixed fractions (2.50) rather than
. - common fractions (3/8) on drill bits, feeler ages.
 SUGGESTED TEACHING SEQUENCE . (38 b
1. Assemble metric and Customary mes-
suring tools and devices (rules, scales,

6. Some products may have’a spocml melri symbol su(h as a block M to show lhe{ are
metric. : S .

0 1 - Vo .. : i . Vo
C thermometer, wrenches, micrometer, - T Don’tforce bolts, wrenches, or other devices which are not fitting properly.
gages, meters, and glassware) and display _ : , : ' ’
in separate groups at learning stations. - 8 Dractice selecting and wsing tools, instruments, and devices.
2. Present or make available Information ' g i that a 3/8 in. ratchet for a socket wrench set, 1 cm by 1 cm or 1 em?,
Sheet 9. *fits Customary or metric sockets. - _ L

3, Have students examine metric tools and
instruments for distinguishing charactér-
istics and compare them w1th Customaxy

r tools and instruments. .
* 4 Have students verbaJIy descrlbe charac /| \‘\
teristics. . .' {/ ,
5 Mix metricand Custbmarﬂr‘tt‘)ols‘or ‘\
equipment at learning station, Give | : "

each student a mb%nc assignment,
6. Evaltite performance from, Section C \
of “Testing Metric Abilities.” - N

i e | ¢ | - 13
‘ ll. THE CENTER FOR VOCATIONAL FOUCATION L L : : ‘ j
\)‘ | e ‘, C ‘ 3 A ]
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UNIT A T
, | METRIC COMPOUND EXPRESSIONS |
FOR WASTEWATERYREATMENT

)

OBJECTIVE Metric units are combined in series to describe specific events. The rate of flow
: through a pipe is stated as cubic metres per second, m3js. This expression measures the
The student will recognize and use amount of water (m3) that passes a '(,:ertajn point each second (s),
appropriate metric compound expressions ' Lo :
used in wastewater treatment, ~ The amount of water evayorated each hour is stated as kilograms per hour—kg/h.

. ; Various other combinations will be used to describe other conditions. For example,
o Given the event to be measured, . :
: : the amount of water flow sach day (m?/d) compared to the sand filter surface area (m2),
recognize the correct metric ex- des th 4 on i3 m? N
 pression, provides the compound expression in°d/me, y
% Given the event to be measured, " A compound may consist of 2 combined units or 3 combined units. Belowisa
select and use the correct metric ‘| _chart showing combinatorial possibilities. This chart is not exhaustive.
expression, . »
: ' In a two-unit expression, any liné item in Columy A ma be combined with an
_ SUGGESTED TEACHING SEQUENCE line item from Colum% BorC. Y Y i Y

1. Present or make available Information

In a three-unit expression, any line item in Column A may be followed by any line
Sheet 10.. e L
, item from Column B plus any line item from Column C.
2, Have students complete Exercise 15 Bramples: _
+and Exercise 16, XAMmpIes: 4 '
- | From:  Column A . m. '
» 8. Test performance with- Section D of  Column A and B ‘ mdfs
“Testing Metric Abilities.” o Column A and B and C mh/m?.
Column A and C : m%%gé& ]
METRIC COMPOUND EXPRESSION CHART Ty
| . Column A . CobmnB_ |  ComnC._ . . | .
Lom 8 , : m
2. m: , min m2
3. m . hr : m3
a 4. mg d : mg
: , "6 kg mo . kg :
| . . (. a b )
. | ‘ 8 | oy | .
mﬂmm FOR VOCATIONAL EDUCATION K , . . :
Q. ' o : * Information Sheet 10
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{

MEASURING UPIN

WASTEWATER TREATMENT

T

l‘lﬂ\ | .

List the appropriate metric expressmn for the description given, -

“,

" What metric exprefion is reduired in the following statements?

;

Flow over weirs

2.

Amount of wet solids dlsposed
ofeachyear =~ . v

Y

Amount of air compared to the
amount of wastewater treated

Surface area weir length ratio

Amount of solids per day per
surface area

Mass each day of volatie solids
compared to digester volume

Heat required per amount of
water evaporated

Mass of BOD applied eachday |
compared to the volatile solids .| -

under aeration

Flow each day per weir length |

10

Mass of wet sludge eatlr hour
per unit of hearth area

11,

Amount of chlorine per the

amount of wastewatér o ’ -

12,

Rate of water evaporated each- L

hour

i ¢

13.

Depth of wet sludge placéd on -
adrying bed per year

10,

1L

L

of domestic

A'waste treatm&ul plant receives 68 000
sewage and 15 000 of industrial wastey

A 201 sample of wastewater contaihs 2 000
Als motor is used to drive a sump pump.

Influent BOD to a series of ponds is200
There is a flow of 3 800 containing 120 BOD .
primaly effluentand 2600 __ airisused. ‘

The DO in a receiving stream was 10.3 mg/l when the temperature
was 11

110 of chlorine are used uo “treat 3785 m3 of water.

Alitre sample of wastewatercontains1.2 _of asolid.
Suspended sohds removal ataplant yields 2838 ____ ofdry
weight suspended solids, \

A dlgester produced 21 000 ______each day of gas when loaded.

The average temperature of a stream based on the followmg
measurenents is i
i

' | 'I_‘l_m__e ! Temperature °C
- 12 noon 127
12 midnight 116
6 AM. 104

‘ J’ THE CENTER FOR VQ&:ATIONAL EDUCATION
4 (. , ‘

Exercise 19
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. During the transition period thete will be a need for finding equivalents between svstems.
OBJECTIYE 5 gversion tables list calculated equivalents between the two systems..When a close equivalent
| s needed a conversion table can be used to find it. Follow these steps: |

" The student will recognize and use metric

and Customary units mterclmngeably in tlus 1. Determine which conversion table i needed.
occupation. ' ‘
' ‘ 2. Look up the known number in the appropnate olumn; 1fnot listed, find numbers you
¢ Given a Customary (or metric) measure- can add together to make the total of the known number
ment, find the metffc (or Customary) | - ’
equivalent on a conversion table. 3. Read the equivalent(s) from the next column. e
" Giren a Customary u"“: slate there: Table 3 on the next page gives an example of a metric-Customary conversion table nhigl ,
placement unn. i you can use for practice in finding approximate equivalents. Table 3 can be used with Exerclse

o _Given a metric (or Custemary) amount;, 17, Part 2 and Part 3.

state the approximate (‘us{omarv (or.

metric) amount. Below i a table of mettic-Customary equivalents which tells you what the metric replace-

B ments for Customary units are.* This table can be used with Exercise 17, Part 1 and Part 3. The

7 5 ' symbol = means “nearly equal to.”
f ‘ |

SUGGESTED TEACHING ?I%UENCE

( |
L. - Asemble part, pumps and gages of 1en~039%nch  linch25dem  Iml~02tp .. ltspsiml
Wastewater reatment fecility. - Im¥398feet  1foot0.305m <007t 1tbgp = Lom)
| - = ' Im>1.09yards 1yard*091m 11333800 Moz 28m
2. Present or make agalable | 1km062mile 1mile®161km 1542cps  lewps%Tml
Sheet 11 and Table 3.- lom' s 016sqin  1sqin %65 cm’ x2lps  1pt047l
. _. Imi>108sqft - Dsqft~0.09m’ 1x106q ~  lqr=0.95]
3. Have students find approximate mbtric. Im~12sqyd  1sqyd08m’ H~0%gl, lals 3791
Customary equivalents by ”S‘“g " lhectare25acres”  lacte~Odhectare lgam>00350z  lozs283g
oy Bercise 17 j Tl tem®~006cuin leuin 164 e’ lkg22 1045k
, Im’ s 5.3euft * leuft~003m®  1metric ton 22051  1ton > 907.2kg
4. Test performance by, usmg Section E Im*~13cuyd « lcu’yd x08m I kPa ~ 0.145 psi 1 psi * 6.895 kPa

of “Testing Mem( Ablln'es

*Adapted from Let's Measure Metric. A Téachers Introduction to Metric Measurement. Division of Educational -

- P . @sign and Renewal, Ohio Department of Education, 65 8. Front Street, Columbus, OH 43213, 1975. j
wcmm FOR VOCATIONAL EDUCATION i L ' ‘ . '

P\ | ) | \ Information Sheet 11
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| | . R ‘ . | !
CONVERSION TABLES N .
GALLONS TO LITRES ¢ -  LITRES T0 GALLONS . <y
. l al, | W ol Lo w | W ,
00 a5 | 1 39 | 1 38 00 41 | 10 - 2 |1 0.
M| W w1 | 2 1 20 584 -{ 20 58 | 2 053
W 1me | o 186 | 3 14 0 w | w0 oem | 3 o
00 1541 W ooB4 | 4 11 0 10561 | 40 108 | 4 L& .
500 18927 . | 50 182 | 5 189 500 13209 50 Cona | s 1 g
' ' - — {
600 22112 60 271 6 21 t_s_oo‘ 15851 60 1585 " 6 159:
w2647 ?0 2%4.9 T / %5 | 100 184.92 " 1849 | 1 .1‘.8‘5\,' =",; ;f;/'
800 30283 0o s /z/ 02 | 80 - 211 0. 13 |8, :
0 34068 | % a0n \9 31, % B8 | %o B/ | 9 a8 o
GALLONS TO CUBIC METRES y \ ' ’ cunxcnﬁfnss'rocfx'll.pbns > S “ L
’ . m? gl .'“?."_',‘ gal. ‘_.m3 fal. m3 _ ) m’ fal | “?3: "'v."l‘ \\"
1000000 3785 | 100,000 3785 10000 39 | 1000 38 ‘ 00000 Zd1na00 | 10000 2641720 1000‘- /'264,,172' \"
2000000 7570 | 200,000 "),fl’v‘m..o“ 00 %7 | 2000 16 To00000 | 52834410 | 20000 5283441 | 2000 528,344 ‘
2000000 113% | 300,000 11355 -q{q.ooog;-i;é.é' G | weow s | me  nemmer | swo mes
_4.900.000 15140 400,009 1514.0 40,060_ 15):4 4..000. 1,"1,1 _ 400 060 105,668,800 49 ;)00 10,566,880 . ¥ ? l'lQl'),G.GSS‘ |
5000000 18521 | 00000 . 18527 | 50000 1883 | 5000 109 j 500000 ‘1‘3‘2‘.036.0“00’ 50000 - 13,208,600 ,w
s.(;oo.ooo 272 | 600000 - lz;n.zm\ 60000 2271 | 6000 227 50‘0,_000.‘,‘ ;;8.503'.201)_ ,,'60_,000_ 16860320 | 6000 1,685,032 -
7,000,000 26 498 700000 ‘2649.8< 70000 2650 | 7,000 58 700‘0;0 }"1;;4',;26‘.;06' 70 000 ; 18.;92.040 7000 1,8:19.204
{ 8.0‘00,000 +30028 . 800,000 30028 80))0@ . 8,000 30,0 " 800000 2;1-.53'3:‘00 ; 80000 21,133,760 ‘8000 2,113,376
5').0‘()0.000 ‘.34 06I9 9.0.0‘000 34069 90000 3407 9,000 341 . 900 000 23';.754.300 '090000 23,776,480 | . 9000 2,377,548

“ Ll

- THE cémen FOR vocKﬁom;snucmor«, : . : : ST I Table 3

' N ) . .
., ’
" a1 .
. ' f .
“ .
| » B : . 5
J , ‘ .
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ANY WAY YOU WANT IT

4

s . [

‘ You are working in a wastewater treatment plant. With the change
to metric measurement some of the devices you measure are marked only
in metric units. You will need to be familiar with appropriate Customary
quwalents in order to communicate. To develop your skill Use Table 3

4. The flow thru four channels was as follows, anv;tt to litres.

Customar_y' | . Meine

- to.do-the follolving exercises. A 900 gals. _
o R B 780gals. [
1. Aflow measuring meter at a wastewatet treatmerit plant C £5 gals. . —7 |
recorded the following flow data. Convert it to the appro- | D E@als- L
f priate metric equivalens: ' ' | |
' Pl ". . , '" \ ' . ‘
Customary - Metric . e N
a) Monday o 8000000gs. |
b) Tuesday 1,500,000 gals. . |
¢ ) Wednesday 8,140,000 gals. — s [ \ y ,
d) Thursday 813700 gals. — - g 4
- ¢) Priday 10,000,000 gals., | ——nr o ' ' C
) Saturday 19,660,000 gals. + —~— Y -
g)Sunday 7,122.,000gals. — - . \
2. Aseries o new wastewater treatment lants along the jacoon b
River have the followmgdally flow rate. Convertto gallons for |
repotting purposes ,
CPant’ v MeicFlow . Customary Quantity | : ', ,
A - 400000 L ' o
B Cu0m | LR
. C 59000 m3, - :
37‘ The water consumption- ofahome foraweek was read in htres {,‘,e. . , '
Convert the data to gallons. ‘ | ' L., -
S e " Custonty L S
a) Mondap 00 lfwes ¢ . o
- b ) Tuesday 850 litres ; "
{ c) Wednesday * 797 litres . L
d ) Thursday . 958 litres : " 5
e) Fridy 699 litres o \ -
f) Saturday 910 litres v K
g) Sunday ¢ 785 litres o ' .
‘ S o ‘ o . N T
T THE CENTER FOR VOCATIONAL EDUCATION - . Bxercise 17




- SECTIONA” / 6. The comect way towrite twele ,  SECTION D | " 16. The metric unt which replaces
1 Onekiiogram is about the mass * thousand millimette i o 11, Elow over & weir can be ; 4 the acte
ofa: - [A] 12000mdy med o5: [A]' metre
[A]* nickel . (B] 12000 mm Ty TN . " [B] hectare
[B] apple seed [C). 12000mm (B] m’dsylm [C] cubic centimetres
| ’ . . . , , v
[€] basketball (0] 12 o mm {C] ,m’ [day/m (D] gram
(D] Volkswagin “Beetle” SECTIONB (D] m/dayfize

Use this conversion table to

2. A square metre is about the 7, A pipe 100 mm in diameter - -
weaol: . :qﬁ 1 o: meser, 12, The amotnt of dry g onowe questions 17 and 18.
. » solids in the flow ia expressed
[AT this sheet of paper ! (A] 10 centimetres »o, ‘ i )
. 3
[B] a card table top | [B] 1 Opo centimetres [A] kw/m*\" . m- gal.
[C] 2 bedspread [C] 0.1 centimetre B litre/m’ , loc’ooo 2641120
(D] a postage stamp [D] 100 centimetres (€] m}m’ 0000" 5283441
- ‘ 3 30 000 1,925,161 | -
. I | D] g - ‘ 40000, 10566,880
. 3. The mass of sludge is measured 8. Two metric tons of sidge has . . ‘ © 150000 13,208,600
in: 8 'mass of: o ' . 60 000 15,850,320
I A . : ) o J18. The metric expression kg/h/m
(A] litres per second - [A] 2 000 kilograms is used to deseribe:
{B] kilograms ' (B] 10 000 kilograms ‘ [A] water flow through a Tilter m gl
. (€] cubic metres [C] 20 000 kilograms . , (B] wet sludge on's heating surface 1 000 264179
[D] hectares ) ‘ D ]\ 1000 kilograms N {C] -welr overflow rate ‘ <1 2000 528,244
v [} ! [
: ! . 3000 192506
[D]® chlorine demand of an effluent 1000 1,056,688
4, Application rates of chlorine SECTION C .- " ‘ ¢ T 15000 0 1,320860
sed in water treatment are - 14. The metric expression mgflitre is 6000 1,585,082
notmally given in: ~ 9. To measure willffres, usgra: - used to describe: ' p
[A] geams per kilogram A e _[A] chlorine demand of an efflient .
s . " . . _ o 17, The equivalent of 15 000 m” is:
[B] millilitres per litre [B] graduated cylinder 5 (B] weir overflow rate ‘ ’
. ' . . [A] 15,000,000 gal.
[C] - cubic metres per day [C] pressure gage *[C) water flow through a filter 31 15000l
' . : ,000 gal.
[Dy grams per cubic metre (D] rule e (D] wet sludge on a heating surface [ ]\ ¢
o o - | (C] 3,962,580 gal
. g
. o X » (D] 2,641,720 gal.
5. The correct way to write twenty 10, To measure giamg, use a:* SECFION E o "
rams is: - * . 15, The metgic unit which replaces 18. The eqfvalent of 61 000 m’ is:
[A] pressursgage ‘ . j s ) ,
(4] 20 gms ‘ . s . the fluid ounce is: . \ [A] 15,850,320.311].

] graduated cylinder q L f ‘ .
sc@ S Y mllhlltre.%,:iv’; : [B] 16,114,492 gal.

B] 06m. '
NET Bl gm - G} 61,000
D] g (O M (D} 61000000, -

W (D] hectare , . . .

; - TESTING METRIC ABILITIES -
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ANSWERS TO EXERCISES AND TEST -
EXERCISES I THRUG Exercise 10

.+ The answers depend on the items

~used for the activities, millilitres 1 Litres |

‘ |

EXERCISE 7 i
Currently accepted metric units of 3000 | 3
~ measiyement for each question are 6000 (6)

+ shown in Table 2. Standards in each 8000) | 8
occupation are being established 1 000),' i
noxx..»ggmwers may vary. T

EXERCISES 300~ | 03
al 26em o), 132em 00 (0.7
by 383em ) 802cm (%00) | 0.9 -
o) 9dem g 1400 em 250 | (0.25)
d) 68.0cm hl 230.7 em W10y 1 047

B ’ ‘)n— \ 9--

EXERCISES 9 THRU 13 | | 0
Tables ate reproduced in total. An- Exercise 11
sWers are in parentheses, —

y litres | millilitres

Exercise 9 1 ml
metre | centimetre | millimetre g 'l8000

m cm - mm 5 | (5000}

1 100 |t | I8 | H6000

SRS NI L) QS e
3 T L B

|90 | (9000] 033 | . (0

5] 500) | 5000 (048) | 480

0.5 80 800y ————

0.6 __160) 600 gras | kilograms
(0.025) 5 25 f kg
110.148) (118) 148 . ,
W [ e et

23000 | (23)

(30000 8
300 | (0.3)
215 | 10.275)

‘ :] THE CENTER FOR VOCATIONAL EDUCATION

\

Exercise 13
kilograms “Brams
kg " g
P 7000
11 (11 000)
%) 75000,
0.4 (400)
0.63 (630
NG
Exercise 14
2) 034litre- h) /50 mm
“b) 008k i) 025litre
¢) 23k j) %0ml
o4) 3.4t k) 25cm
e) 12em 1) 750¢
f) Lidm m) 2400 kg
g) 29000ml n) 40000ml
EXERCISE 15
Lm0 S.gdlg
9. m’ fyr 9. m' jd/m
/ 3.m° /m? 10. kg/h/m?
4. m?/m 11 g/m’
5. g/d/m? 12.m*h
6. g/d/m’ 13. miyr
7. kdfke
EXERCISE 16
"1mdmid 6.°C
o8 Thg
3, kW 8. ¢
4. mg/litre 9. ke
5.m'/d, 0.m .
mg/lite,  11.12°C
m'd

. '.”‘ ) . '
. 11 US GOVERNMENT PRINTING OFFICE 1977~ 157089/6254

!

EXERCISE 17
TPl

a) 30028m’

b) 28890.7m’ -

305579 m’
35 817,90
37854 m*

f) 36567.3m’
g) 269598m!

Part 2.

c)
d)
e)

a) 10,566,880 gal.

b) 6340129 gal
¢) 15,586,148 gl

Part 3,

237.76 gal.
224.55 gal.
c¢) 210.55 gal.
d) 253.08 gal.
e) 184.67gal.
f) 24040 gal.
g) 20737gl

‘Part 4.

a) 3406.8 litres
b) 29525 litres -
c) 3160.8 litres.
d) 2642.1 litres

a)
b)

TESTING METRIC ABILITIES

1.

10.
11.
ERYA
13.
14,
15.
16.
17.
18.
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SUGGESTED METRIC TOOLS AND DEVICES oo " SUGGESTED METRIC TOOLS AND DEVICES
NEEDED T0 COMPLETE MEASUREMENT TASKS | ~" ' NEEDEDTO COMPLETE OCCUPATIONAL
IN EXERCISES 1 THROUGH 5 L MEASUREMENT TASKS
(* Optional) 3 ‘
: s In this occupation the tools needed to complete Exercises 6,
{ 15, and 16 are indicated by “+.”
LINEAR ' MASS o A Assorted Metric Hardware—Hex nuts, washers, screws,
_ cotter pins, etc.
Metre Sticks - Bathroom Scale B.  Drill Bits—Individual bits or sets, 1 mm to 13 mm range
Rules, 0em ' *Kllogram Seale C. Vemier Caliper—Pocket slide type, 120-mm range
Measuring Tapes, 150 cm Platfonn Spring Scale D. Micrometer—Outside micrometer caliper, 0 mm to 25 mm
T ' range
Height M kg Capacity . g
*Mthgre Ta;zsx;rg m E apacity ' E. Feeler Gage—-13 blades, 0.05 mm to 1 mm range
“Trund] o Wheel Balance Scale with 8-piece . Metre Tape=50 or 100 m tape
X A mass set G\ Thermometers—Special purpose types Such as & clinical
Area Measuring Grid - b\ thermg pecial purpose typ
. “ easurmg. “o Spring Seale 6kgCapaclty thermometer
, o H. 'Temperature Devxces—lndlcators used for ovens, freezmg/
VOLUME/CAPACITY TEMPER ATURE eooling ystems, el
. Tools—Metric open end qr box wrench sets, socket sel,
4
P‘s%mnglMiaz%rgs iet of, Celsius Thermometer hex.key sets -
m : J. Weather Devices—Rain gage, barometer, humidity, wind
Economy Beaker, set of 6, : . velocity indicators
S0mi-1000m K. " Pressure Gages~Tire pressie, it ox en, h drauhc fuel,
Metric Spoon, set of 5, e Pgea e pressc, i, ORyEe, RS
Ll -25ml L. “Velocity—Direct readmg o vane type meter
" Dry Measure, set of 3, M. Road Map=S d d
- 50,125, 250 ml . -Road Map—State and city road maps
Lo Plastic Litee B - N, Contamers:Buckets plastic containers, etc., for mixing
Cest'lc : 'eC c;,x | ~ and storing liquids _
| nUm(re LUbes ) 0. Containers—Boxes, buckets, cans, etc., for mixing and
| . storing dry ingredients
( : - : | \ | Mostof the above iems may be obtained from loca industrial,
! hardware, and school suppliers. Also, check with your school district's .
) math and science departments and/or local mdustnes for loan of their - o
THE CENTER FOR VOCATIONAL EDUCATION | [ métric measurement devices, : e
The Ohw State Unwersity + 1960 Kenay Road + Colymbar Ohio 43710 . . ‘ ' ’ :’M
“ a ) lMeasuring devices currently are not available: Substitute devices (i.e., thermometer.-) y :
may be used to complete the measurement dask. ‘ '
l o . 4 | ’ ', -
i Tools and Devices List " -

i L 59 ) . h
) ; . ; .
o . ) A
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Let ] Measura Metnc\ A Tescher's Introduction o Metrc Meosurement, Divh Sertes of booklou preunu ttep be, di“eﬁ

sion of Educational Redesign and Renewal, Ohio Department of Educa: . how to resd mettic meuurement tooll iulcrometm lu,cllllml m.,
tion, 65 8, Front Street, Columbus, OH 4321”975 80 pages; $1.50, Ol mdieuton : : '
o mmtincludechtcktommmmr , o Sy
: MetncPracticeGuidc AmeﬂcmﬂochtyforMnnM fatarials,

: e Actiwtyorlented introduction to the metric aystem dul[nod for indcpen- e ___ |
. flent of group inservice educstion ltudy lntroductory lnformation ahout HPA’ 1072, " m“’ ‘1 30, Lo AS’!’M b W ’"”"” 5

B Rpetric measurement; reproducible exercises apply metrle concepts to ‘ “ ”
g , common easurement situations; aboratory activities for individualsor mm.::ly kn::.n ;hmludyﬁ) mm mmo.;dm
; L groups emplates for making metre taps, litre box, quare centimetregﬂd o & 'ml Hoes 60 b lo:; N
MeasTmng with Meters, or, How to Weigh a Gold Brick with o MeterStick, . mnionh.ci:ou. mmmah eictics svide Inely
" Metrication Institute of America, P.0, Box 236, Northfield, IL 60093, . ‘base MWB‘MW diriat ”;m sl,m*”l I
1974, 28 min., 16 mm, sound,eclor; $8100 purchase, $31.00 rental . wexpudedmdrew fogmddty OnluhomAmm tudy
, . = ﬁor'l‘uﬂnmd‘ JOIG‘M'M

o, Film presents unlu fot length, area, volume and mass, relating ench umt v :
v to many commop objects, Screen overprints show correct use of metric .. METRIC SUPRUEIQS :

" symbols and ease of metric caleulations. Relationships among metric

, measutes of length, am. volume, andmmueillmtntedlnmtemting
B  and unforgettable wayn. . : :
' Metric Education, An Annotated szhography for Vocational, Techmcal and -
‘ " Adult Bducation, Prpduct Utlisation, The Center far Vocstional Edu-
cation, The Ohio State University, Columbus, OH 43210 974,149

mwuooo S S
2 Comprehemivablbliomphy of instruetional mmrials referonce mate-‘ S0 truddle wheels, muurlngcupmd personal seil
2 ~ ridsand mourcelhtfor secondary, post-secondary, teachereducaﬁon, o icalu. feeler and dcpth m, belken. ihermomm. y ad othe
o . and adult basie éducation, Instructional materials indexed by 16 ooeu,
' : pational clumn,typubf mtarhh and educational level SR Mﬂlimﬁrlgd;iiﬂl;{s:upply Corpoution, 162 Cmtn!‘Am Fumingd
CI Metnc Education, A Position Paper for Vocational, Technical and Adu!t :
Education. Product Utllization, The Center for Vocational Education, ~ - :::ﬁm:“m':lml?“ t“::“‘:'m" mnchu.‘_
" TheOhoteUnivniy, Colunbuy, OF 4910, 1005, gy~ pert itpn e
% o .
’ i | 0. | A - B ’%auﬂcde(:orpmtlon'”ﬂmomkud. ﬂuhmhrk,'m o
: Paper for teachers, cuniculurh developers, and a trators in voos: : T -_."
tional, technical and adult education. Covets issues in metric edueation, - _ Inltmtioml quallty and pmhionb
the metric system, the (mpact of metrication on vocational and techniea : / mhblammenbu '“MM
« edueation, implieations of metrig instruction fy tbuie educntion. o .o _
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